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Introduction
Formaldehyde is one of the leading causes of sick house syndrome. Therefore, the use of housing materials containing formaldehyde is strictly limited by the building code in Japan. In addition, the Ministry of Health, Labour and Welfare of Japan established a guideline value of 80 ppb to formaldehyde in view of human health. Hence, low-cost and simple sensors are needed for monitoring formaldehyde based on the indoor air quality guideline.
In our previous study, we developed a novel sensor for detecting volatile organic compounds (VOCs) based on the events of adsorption and catalytic combustion of them (1) . The adsorption/combustion-type sensor with low heat capacity employed Pd/γ-Al 2 O 3 as a catalytic sensor material and was driven by pulse heating. The sensor response showed a large peak due to flash combustion of VOCs adsorbed on the catalytic sensor material during a set time interval. The sensor could directly and simply measure total volatile organic compounds (TVOCs) of ppb-level in indoor air (2) without a complex system such as a pre-concentrator. However, it was difficult to detect high-visibility formaldehyde as a causative agent of sick house symptoms, without interference of other VOCs (high boiling point compounds such as toluene, xylene and styrene).
In this study, we have attempted to selectively detect formaldehyde by an adsorption/combustion-type sensor employing a Pt/γ-Al 2 O 3 catalyst which has a high oxidation activity at relatively low temperatures (3) .
Experimental
An adsorption/combustion-type sensor, employing Pt/γ-Al 2 O 3 as a sensing material and γ-Al 2 O 3 as a compensating material, was fabricated by MEMS process on thin film diaphragms of a silicon substrate to keep the heat capacity of the sensor as low as possible. The two materials made pastes with a resin were screen-printed on two individual micro-heaters, as shown in Fig. 1(a) . The dimension of the sensor chip was 2.6 × 1.6 × 0.4 mm. Finally, the sensor was calcined at 700ºC for burning out the resin in the printed layers. The sensor was repeatedly driven by a pulse heating at three temperatures of 25ºC, 200ºC and 400ºC, as shown in Fig. 1(b) . The first temperature period was 20 s for adsorption of volatile organic molecules on the catalytic sensing material, the second was 0.4 s for combustion of the molecules, but the combustion temperature was varied from 150ºC to 400ºC, and the last was a few seconds for cleaning up the components unburned. Test gas samples were prepared in a range of 40-400 ppb by air dilution of a 5 ppm formaldehyde standard gas. And also, to see catalytic effects of the sensor, 100 ppm test gas samples were prepared by vaporization of formalin, toluene or styrene solution in air. The ambience was constantly controlled at 25ºC and 50%RH. Then, the sensor responses to the test gases were compared with those of a Pd/Al 2 O 3 sensor which was used in our previous work. The sensor signal was obtained from the potential deference between the sensing element and the compensating element incorporated in a bridge circuit in a test gas. The sensing properties were evaluated by a detector integrated with the bridge, a driver, a signal processor including an amplifier and an A/D converter, and a microprocessor unit. The sensor response was defined as the difference in output voltage between in a test gas and in air, and was represented by a value indicated just prior to the peak maximum (after 20 ms from the start of the combustion period), because of its large signal-to-noise ratio.
Results and disscusion
To easily evaluate the effectiveness of catalytic activity of Pt for formaldehyde detection, we investigated the response behavior of the Pt/Al 2 O 3 sensor to 100 ppm formaldehyde, toluene, and styrene at various combustion temperatures. Therefore, the responses to ppb-level formaldehyde of the Pt/Al 2 O 3 sensor were then measured by using the pulse driving mode of adsorption at 25ºC and combustion at 200ºC. Figure 3 shows the response transients of the Pt/Al 2 O 3 sensor to various concentrations of formaldehyde. The sensor showed a large peak response to every concentration by flash combustion of the formaldehyde adsorbed on the catalytic sensor material. The peak shape was very similar to that of toluene found in our previous study. The peak response increased with increasing the concentration. Thus, the adsorption/combustion event was normally observed despite the lower concentration or combustion heat of formaldehyde. Figure 4 shows the concentration dependence of the response magnitude of the Pt/Al 2 O 3 sensor to the low-level formaldehyde and a detection limit. In the double logarithmic chart, the response magnitude was proportional to an increase of the formaldehyde concentration. Moreover, the detection limit, which was defined to be three times as large as the standard deviation of background noise in pure air, was estimated to be less than 40 ppb. Thus, the present sensor could detect formaldehyde whose concentration is as low as half the guideline for indoor air quality.
Conclusions
An adsorption/combustion-type sensor employing a Pt/γ-Al 2 O 3 catalyst, operated in a pulse heating mode, showed a large response peak to formaldehyde as well as other volatile organic compounds. The sensor could directly and selectively measure formaldehyde by setting the combustion temperature at 200ºC without interference of high boiling point compounds. The detection limit was 40 ppb, which was half the guideline for indoor air quality. 
